LCD AND TOUCH-CONTROL METHOD THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The invention relates to a display and a touch-control method thereof, 
and in particular, to an LCD (liquid crystal display) and a touch-control method 
thereof 

Description of the Related Art 

[0002] Regarding conventional touch panel technologies, capacitive touch 
panels, touch-pen touch panels, resistive touch panels, and the like are mainly 
involved. In such cases, the capacitive touch panels utilize the human body 
static electricity for sensing, and are mainly employed in ATMs (automated teller 
machines) or stock exchange systems. The touch-pen touch panel is an 
extension of the above-mentioned capacitive touch panel, and can sense a hand or 
a specific touch-pen. The sensing mode of the touch-pen touch panel can be set 
as a finger only mode, a pen only mode, or both. The resistive touch panel 
senses the touch point by sensing pressure, so that there is no limitation to the 
materials of the touching media, which can be used with the resistive touch panel. 
In general, the resistive touch panel has a top-sheet, which is made of polyatomic 
lipid material. A transparent electro conductive layer is formed on the inner 
surface of the top-sheet, which is kept by a distance with a glass sheet having 
another transparent electro conductive layer on its surface. Accordingly, when 
the top-sheet is charged with a current and is touched, the transparent electro 
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conductive layer on the polyatomic lipid material contacts the transparent electro 
conductive layer on the glass, so that the charged current flows through the 
transparent electro conductive layer on the glass to the comers of the touch panel. 
A controller then retrieves the current values from the comers so as to calculate 
the coordinates of the touch point. 

[0003] Considering the above-mentioned touch-control technologies, although 
they offer their own advantages, they also share the same drawbacks, which are 
described in the following: 

[0004] All of the above-mentioned touch-control technologies require an 
additional touch plate, a controller, and the like on a conventional screen or panel 
such as an LCD or CRT display, so that the display can be equipped with a 
touch-control function. In other words, the present display with a touch-control 
function actually includes a display panel and an additional touch-control device 
so as to carry out the touch-control function, as the display panel itself does not 
provide the touch-control function. 

[0005] Since the touch-control device such as the touch plate is not an integral 
part of the display, to achieve the accvwacy of the screen coordination, it must be 
carefully calibrated. 

[0006] Moreover, since the touch-control device such as a touch plate is not an 
integral part of the display, it may partially block the light intensity of the display, 
so that the brightness of the entire display is reduced. 

[0007] Furthermore, since the touch-control device such as the touch plate is 
not an integral part of the display, the manufacturing cost thereof is increased. 
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[0008] Therefore, it is a subjective of the invention to provide a display, which 
does not require an additional touch plate, does not affect the brightness of the 
display, has lower manufacturing cost, and has accurate coordination of the screen 
without requiring adjustment. 

SUMMARY OF THE INVENTION 
[0009] It is therefore an objective of the invention to provide a touch-control 

method of an LCD, which has a touch-control function without the additional 

touch plate. 

[0010] It is another objective of the invention to provide an LCD, which has a 
touch-control function without the additional touch plate. 

[0011] In one aspect of the invention, the values of liquid crystal capacitances 
Ci-- Cm formed between the scan lines and a coxmter electrode (or opposite 
electrode) of an LCD, which has the typical LCD structvure, are detected during 
the idling time in-between writing periods, in which each of the scan lines tums 
on sequentially to write image data signal into the LCD screen. In this case, the 
idling time in-between writing periods means that all transistors corresponding to 
all scan Hnes are tumed off. Thus, the invention can determine whether the LCD 
screen is touched or not according to the values of the liquid crystal capacitances 
Ci~ Cm formed between the scan lines and the counter electrode. When the 
LCD screen is touched and detected as above, a voltage signal is charged to each 
of the data lines, and the values of liquid crystal capacitances Ci*- Cn formed 
between the data lines and the coimter electrode are then detected. Subsequently, 
the position of the touch point on the LCD screen can be detected according to the 
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liquid crystal capacitances Ci~ Cm formed between the scan lines and the counter 
electrode and the Uquid crystal capacitances Ci-- Cn formed between the data 
lines and the coimter electrode, thus obtaining the touch-control function. 
[0012] It is another aspect of the invention to provide an LCD, which includes 
a first sensing circuit, a timing control circuit, a voltage-signal generating circuit, 
and a second sensing circuit. The first sensing circuit detects the liquid crystal 
capacitances formed between the scan lines and the counter electrode, and detects 
a scan-line-direction touch position Y according to the liquid crystal capacitances 
formed between the scan lines and the counter electrode. The timing control 
circuit controls the first sensing circuit to detect the liquid crystal capacitances 
formed between the scan lines and the counter electrode during the idling time 
in-between writing periods, in which each of the scan lines tums on sequentially 
to write image data signal into the LCD screen. The timing control circuit 
fiirther controls the voltage-signal generating circuit to charge a voltage signal to 
the data lines needed to be detected after the scan-line-direction touch position Y 
is detected. The second sensing circuit detects the values of liquid crystal 
capacitances formed between the data lines and the counter electrode after the 
voltage signal is charged, and detects a data-line-direction touch position X 
according to the liquid crystal capacitances formed between the data lines and the 
counter electrode. 

[0013] As mentioned above, since the LCD and touch-control method thereof 
of the invention directly employ the present TFT-LCD structure, the additional 
touch plate and controller are xmnecessary, and the touch-control method 



4 



automatically shares the same coordination as the LCD screen without requiring 
the conventional accurate adjustment. Furthermore, since the additional touch 
plate is unnecessary, the light intensity of the LCD would not be blocked, so that 
the brightness of the entire LCD increases. Moreover, since the additional touch 
plate is unnecessary, the manufacturing cost of the LCD reduces. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] The invention will become more fiiUy understood from the detailed 

description given in the herein below illustration only, and thus are not limitative 

of the invention, and wherein: 

[0015] FIG. 1 is a schematic illustration showing the structure of a TFT-LCD; 
[0016] FIG 2 is a schematic illustration showing a cross sectional view along 
line A- A shown in FIG 1 ; 

[0017] FIG 3 is a schematic illustration showing an equivalent circuit diagram 
of a TFT array; 

[0018] FIG 4 is a schematic illustration of FIG 2 showing the structure of a 
TFT LCD with an external pressure; 

[0019] FIG 5 is a schematic illustration showing the relationship between the 
data lines and scan lines in the TFT array; 

[0020] FIG 6 is a flow chart showing a touch-control method of an LCD 
according to a preferred embodiment of the invention; 

[0021] FIG 7 is a flow chart showing a touch-control method of an LCD 

according to another preferred embodiment of the invention; 

[0022] FIG 8 is a block diagram showing an LCD according to a preferred 
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embodiment of the invention; 

[0023] FIG 9 is a circuit diagram showing a sensing unit, which constructs the 
sensing circuit; and 

[0024] FIG. 10 is a block diagram showing an LCD according to another 
preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0025] The embodiments of the invention will be described with reference to 

the accompanying drawings. Before the description of the embodiments, the 

structure of an LCD will be illustrated with reference to FIG 1, It should be 

noted that the following embodiments are described based on a TFT-LCD, and it 

is to be understood that the invention is not limited to the TFT-LCD. 

[0026] FIG 1 shows a general TFT-LCD (Thin-Fihn-Transistor 

Liquid-Crystal-Display) 1, which mainly includes two polarizers 11 and 11', two 

glass substrates 12 and 12', a color filter 13, a counter electrode 14, two 

orientation layers 15 and 15', a liquid crystal layer 16, a TFT array 17, and a back 

light source 18. A pixel electrode 171 and a TFT 172 are formed in each pixel 

area of the TFT array 17, and the TFTs 172 electrically connect to each other 

through a plurality of scan lines (or gate lines) 173 and data lines (or drain lines) 

174. 

[0027] Referring to FIG 2, the liquid crystal layer 16 includes a pluraUty of 
spacer 161, and a black matrix 19 is formed on the bottom of the glass substrate 
12. A liquid crystal capacitance Cue is formed between the counter electrode 14 
and the pixel electrode 171, and a liquid crystal capacitance Co is formed between 
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the counter electrode 14 and the scan line 173. There are, of course, more 
capacitances, other than the liquid crystal capacitance Clc and liquid crystal 
capacitance Cg, existing in the TFT-LCD 1. With reference to FIG 3, the 
TFT-LCD 1 further includes storage capacitances Csx for improving the 
influences from the parasitic capacitances and the current leakages of the liquid 
crystal capacitances Clc, and liquid crystal capacitances Co formed between the 
counter electrode 14 and the data lines 174. In this case, the TFT-LCD 1 
includes a common electrode Pi of the storage capacitances Cst, a coxmter 
electrode P2, a plurality of data lines such as the data line Di, and a plurality of 
scan lines such as the scan line Gk- 

[0028] With reference to FIG 4, when a pressure F is applied to the TFT-LCD 1, 
part of the coimter electrode 14 corresponding to the pressure F is indented. In 
other words, when a user provides the pressure F to the TFT-LCD 1 , the distance 
d between the counter electrode 14 and scan line 173 is reduced. Similarly, the 
distance between the counter electrode 14 and data line 174 (not shown) is also 
reduced. Regarding the equation (1) showing the relationship between the 
capacitance of a pair of parallel conducting plates and the distance thereof, the 
value of the capacitance is inversely proportional to the distance between two 
parallel electrodes. In the equation (1), A is the surface area of the electrodes, 
and € is a dielectric constant. In this case, when the distance d between the 
counter electrode 14 and scan line 173 is reduced, or the distance between the 
counter electrode 14 and data line 174 is reduced, the liquid crystal capacitance 
Cg or the liquid crystal capacitance Co increases accordingly. Thus, if the 
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crystal capacitance Cg corresponding to the scan line 173 or the liquid crystal 
capacitance Co corresponding to the data line 1 74 is detected, the position of the 
touch point can be obtained. 

C=6(A/d) (1) 

[0029] Referring to FIG 5, when the touch point locates at the intersection of 
the data Une D| and the scan line Gk, the liquid crystal capacitance Ck between the 
scan line Gk and the counter electrode, and the liquid crystal capacitance Ci 
between the data line Di and the counter electrode are increased. In theory, as 
long as the liquid crystal capacitance Ck and the liquid crystal capacitance Ci are 
detected, the position of the touch point can then be determined. Since the signal 
vohage of each of the data lines Di~Dn, however, is determined by the image 
signal to be displayed, the waveform of each of the data lines Di~Dn differs from 
others in general, and the RMS voltage between each of the data lines Di-Dn and 
the counter electrode differs from others accordingly. Therefore, since the 
capacitance of the liquid crystal is dependent on the RMS voltage, the liquid 
crystal capacitances Ci'-Cn corresponding to the data lines Di~Dn differ from 
each other even if the pressure F isn't appUed. This may cause interference 
while sensing the touch point according to the liquid crystal capacitances Ci-Cn- 
While by using the touch-control method of an LCD of the invention can solve 
this problem. 

[0030] The touch-control method of an LCD of the invention is described in the 
following with reference to FIG. 6 and FIG 7. 

[0031] As shown in FIG 6, the touch-control method of an LCD of the 
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invention includes a first touch-position sensing step SI, a charging step S2, and a 
second touch-position sensing step S3. 

[0032] In the first touch-position sensing step SI, the values of liquid crystal 
capacitances Ci-Cm formed between the counter electrode and the scan lines 
needed to be detected are detected, respectively, during the idling time in-between 
writing periods, in which each of the scan lines turns on sequentially to write 
image data into the LCD screen. Then, a scan-line-direction touch position Y is 
detected according to the values of the liquid crystal capacitances Ci^-Cm. In this 
embodiment, for example, when the value of a liquid crystal capacitance Ck, 
which is one of the liquid crystal capacitances Ci-^-Cm, corresponding to one of the 
scan lines is greater than a scan-line comparing value, the position of this scan 
line is determined as the scan-line-direction touch position Y. The scan-line 
comparing value may be equal to a predetermined value plus the minimum one of 
the values of the liquid crystal capacitances Ci~Cm, or may be equal to a 
predetermined value plus one of the values of the previously detected liquid 
crystal capacitances Ci~Cm corresponding to the scan lines which have been 
previously detected, or may be equal to a predetermined value plus an average of 
at least two of the liquid crystal capacitances Ci^Cm- Of course, the 
predetermined value may be set to zero. In addition, when the 
scan-line-direction touch position Y is not detected in the first touch-position 
sensing step SI, the first touch-position sensing step SI is repeated. It should be 
noted that when detecting the liquid crystal capacitances formed between the scan 
lines and the counter electrode, some of the scan lines can be skipped in the first 
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touch-position sensing step SI, which is depending on the requirement of the 
application. 

[0033] In the charging step S2, a voltage signal is charged into each of the data 
lines needed to be detected after the scan-line-direction touch position Y has been 
detected. In such a case, the voltage signal causes the RMS voltages between the 
data lines and the counter electrode to have the same value. 

[0034] In the second touch-position sensing step S3, the values of liquid crystal 
capacitances Ci-^-Cn formed between the counter electrode and the data lines 
needed to be detected are detected, respectively, after the voltage signal is charged. 
Then, a data-line-direction touch position X is detected according to the values of 
the liquid crystal capacitances Ci~Cn. In the present embodiment, for example, 
when the value of a liquid crystal capacitance Ci, which is one of the liquid crystal 
capacitances Ci~Cn, corresponding to one of the data lines is greater than a 
data-line comparing value, the position of this data line is determined as the 
data-line-direction touch position X. The data-line comparing value may be 
equal to a predetermined value plus the minimum one of the values of the liquid 
crystal capacitances Ci--Cn, or may be equal to a predetermined value plus one of 
the values of the previously detected liquid crystal capacitances Ci— Cn 
corresponding to the data lines which have been previously detected, or may be 
equal to a predetermined value plus an average of at least two of the liquid crystal 
capacitances Ci'-Cn. Of course, the predetermined value may be set to zero. In 
addition, when the data-line-direction touch position X is not detected in the 
second touch-position sensing step S3, the first touch-position sensing step SI is 
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repeated. It should be noted that when detecting the liquid crystal capacitances 
formed between the data lines and the counter electrode, some of the data lines 
can be skipped in the second touch-position sensing step S3, which is depending 
on the requirement of the application. 

[0035] Accordingly, the scan-line-direction touch position Y and the 
data-line-direction touch position X indicate the position of the touch point. 
[0036] With reference to FIG 7, the touch-control method of an LCD of the 
invention further includes a comparing-value setting step SO, which sets at least 
one scan-line comparing value and at least one data-line comparing value. In the 
current embodiment, the scan-line comparing value and the data-line comparing 
value can be set according to practical requirements. 

[0037] Next, please refer to FIG. 8 to FIG 10, which illustrate an LCD of the 
invention. To simplify the description, some reference numbers are the same as 
those mentioned in the prior embodiment. In addition, the touch-control theory 
is omitted in the following embodiment. 

[0038] Referring to FIG 8, an LCD 2 of the invention includes the TFT-LCD 1, 
and further includes a first sensing circuit 21, a timing control circuit 22, a 
voltage-signal generating circuit 23, and a second sensing circuit 24. 
[0039] The first sensing circuit 21 electrically connects to each of the scan lines 
Gi'-Gm, respectively, so as to detect each of the liquid crystal capacitances Ci^Cm 
formed between the counter electrode 14 and each of the scan lines Gi--Gm- For 
instance, the liquid crystal capacitance Ck, which is one of the liquid crystal 
capacitances Ci'-'Cm, is formed between the counter electrode 14 and the scan line 
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Gk, which is one of the scan lines Gi-Gm- Then, the scan-hne-direction touch 
position Y is detected according to each of the Uquid crystal capacitances Ci-Cm- 
The method for detecting the scan-Hne-direction touch position Y is described in 
the above-mentioned embodiment, and it would not be described again hereinafter. 
Furthermore, when detecting the liquid crystal capacitances, some of the scan 
lines Gi~Gm can be skipped. 

[0040] The timing control circuit 22 electrically connects to the first sensing 
circuit 21 and controls the first sensing circuit 21 to detect the liquid crystal 
capacitances Ci~Cm formed between the counter electrode 14 and each of the 
scan lines Gi~Gm during the idling time in-between writing periods, in which 
each of the scan lines turns on sequentially to write image data into the LCD 
screen. 

[0041] The voltage-signal generating circuit 23 electrically connects to the 
timing control circuit 22, and each of the data lines. When the 
scan-line-direction touch position Y is detected, the timing control circuit 22 
controls the voltage-signal generating circuit 23 to charge a voltage signal into 
each of the data lines needed to be detected. 

[0042] The second sensing circuit 24 electrically connects to each of the data 
lines needed to be detected, respectively, and detects values of the liquid crystal 
capacitances Ci^-Cn formed between the counter electrode and the data lines 
needed to be detected after the voltage signal is charged. Then, the 
data-line-direction touch position X is detected according to the value of each of 
the liquid crystal capacitances Ci--Cn. The method for detecting the 
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data-line-direction touch position X is described in the above-mentioned 
embodiment, thus its description is omitted in the following. As shown in FIG 9, 
the first sensing circuit 21 or the second sensing circuit 24 may consist of a 
plurality of sensing units 211 and current detection units (not shown). The 
sensing unit 211 is a CBCM (Charge-Based Capacitance Measurement) circuit 
stmcture, which includes two NMOS transistors and two PMOS transistors. One 
of the NMOS transistors connects to one of the PMOS transistors, while the other 
NMOS transistor connects to the other PMOS transistor. The capacitance Cd or 
Co to be detected electrically connects to the node located between one of the 
NMOS transistors and the corresponding PMOS transistor. Vp and Vn 
respectively represent the driving voltages of the PMOS transistors and the 
NMOS transistors. Thus, by detecting the values of two currents respectively 
passing through the two set of corresponding NMOS transistor and PMOS 
transistor, the value of capacitance Cd or Co to be detected can be determined 
according to the difference between the values of the two currents. 
[0043] Furthermore, to make the detection of the scan-line-direction touch 
position and data-line-direction touch position easier, and to properly control the 
touch sensitivity of the TFT-LCD, the TFT-LCD according to the embodiment of 
the invention may further include a comparing-value setting circuit 25 (as shown 
in FIG. 10) for setting a predetermined comparing value. The comparing-value 
setting circuit 25 electrically connects to the first sensing circuit 21 and the second 
sensing circuit 24, respectively, and sets at least one scan-line comparing value 
and at least one data-line comparing value. The scan-line comparing value and 
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the data-line comparing value are respectively input to the first sensing circuit 21 
and the second sensing circuit 24. Thus, the first sensing circuit 21 can compare 
the values of the liquid crystal capacitances Ci~Cm and the scan-line comparing 
value, and the second sensing circuit 24 can compare the values of the liquid 
crystal capacitances Ci~Cn and the data-line comparing value. 
[0044] In summary, since the LCD of the invention directly employs the 
existing TFT-LCD structure, the addition of a touch plate and controller as 
mentioned in the related art are unnecessary, and the LCD screen achieves 
accurate touch position coordination without requiring the conventional accurate 
adjustment. Furthermore, since the additional touch plate is unnecessary, the 
light intensity of the LCD is not blocked thereby, thus the brightness of the entire 
LCD is increased. Moreover, since the additional touch plate is unnecessary, the 
manufacturing cost of the LCD is reduced. 

[0045] While the invention has been described by way of examples and in 
terms of preferred embodiments, it is to be understood that the invention is not 
limited to the disclosed embodiments. To the contrary, it is intended to cover 
various modifications. Therefore, the scope of the appended claims should be 
accorded the broadest interpretation so as to encompass all such modifications. 
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